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ABSTRACT: The finite difference method in time domain is often used in wave acoustic
simulations. The accuracy of this method depends on numerical dissipation and dispersion
caused by a finite difference and a time integration. A compact finite difference can reduce
numerical dispersion of space derivative. Therefore, an optimization of the compact finite
difference is investigated. In order to improve the time integration scheme, a symplectic
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1,2)
$h$ 3
$\alpha f_{i+1}’+f_{i}’+\alpha f_{i-1}’=b\frac{f_{i+3/2}-f_{i-3/2}}{3h}+a\frac{f_{i+1/2}-f_{i-1/2}}{h}+e$ (2)
$\alpha$ $e$







($4PPW$ : point per wavelength)
$w’(w, \alpha)=\frac{2a\sin(\frac{w}{2})+\frac{2}{3}b\sin(\frac{3w}{2})}{l+2\alpha\cos(w)}$ (4)
$(w^{f}-w)/w$ Fig 2
Fig.2 Error comparison of effective wave- Fig.3 Maximum absolute value of relative








Table 1 Upper bound wave number (PPW),
optimum $\alpha$ and error.
$w_{0}$ $\alpha$
1
$0.25\pi$ 8 0.14905 $4.5\cross 10^{-6}$
$0.3\pi$ 6.67 0.1508 $1.4\cross 10^{-5}$
$0.4\pi$ 5 0.15555 $8.1\cross 10^{-5}$
$0.5\pi$ 4 0.1621 $3.3\cross 10^{-4}$
$0$
$f_{0}’+ \alpha_{b}f_{1}’=\frac{1}{h}(a_{b}f_{1/2}+b_{b}f_{3/2}+c_{b}f_{5/2}+d_{b}f_{7/2}+e_{b}f_{9/2})+\epsilon$ . (5)
$\epsilon$
$\alpha_{b}$
$a_{b}=- \frac{22\alpha_{b}+93}{24},$ $b_{b}= \frac{17\alpha_{b}+229}{24},$ $c_{b}= \frac{3\alpha_{b}-75}{8},$ $d_{b}= \frac{-5\alpha_{b}+111}{24},$ $e_{b}= \frac{\alpha_{b}-22}{24}$ , (6)
$f(x)=\cos(kx)+i\sin(kx)$ $f’(x)=$
$ik^{f}[\cos(kx)+\sin(kx)]$ $w=hk$ $W’$ $z=e^{iw/2}$
$iw’= \frac{a_{b}z+b_{b}z^{3}+c_{b}z^{5}+d_{b}z^{7}+e_{b^{Z^{9}}}}{1+\alpha_{b^{Z^{2}}}}$ . (7)
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$a_{b}= \frac{\alpha_{b}-22}{24},$ $b_{b}= \frac{-27\alpha_{b}+17}{24},$ $c_{b}= \frac{9\alpha_{b}+3}{8},$ $d_{b}= \frac{-\alpha_{b}-5}{24},$ $e_{b}= \frac{1}{24}$ , (9)
$w’$
$iw^{l}= \frac{a_{b}z^{-1}+b_{b}z+c_{b}z^{3}+d_{b}z^{5}+e_{b^{Z^{7}}}}{1+\alpha_{b}z^{2}}$ . (10)
Fig.6 Distribution of absolute value of rela- Fig.7 Maximum absolute value of amplitude







$\frac{f(t+\triangle t)-f(t)}{\Delta t}=b_{0}F(t+\frac{\Delta t}{2})+b_{1}F(t-\frac{\Delta t}{2})+b_{2}F(t-\frac{3\Delta t}{2})$ (11)
$b_{1}=2-2b_{0}$ , $b_{2}=b_{0}-1$ (12)
$b_{0}=1$ 1 FDTD
$b_{0}$




$f(t+ \triangle t)=f(t)[1+i\theta(b_{0}\exp(i\frac{\theta}{2})+b_{1}\exp(-i\frac{\theta}{2})+b_{2}\exp(-i\frac{3\theta}{2}))]$ (13)
$\theta$
err
$err=| \frac{\tilde{f}(t+\Delta t)-f(t+\Delta t)}{f(t+\Delta t)}|$ (14)
$b_{0}$ $\theta$ $\theta$
Table2 $b_{0}=1$
Table 2 Normalized frequency, $b_{0}$ and relative error.
FDTD












$P_{0}=p(t),$ $Q_{0}=q(t),$ $P_{m}=p(t+\tau),$ $Q_{m}=q(t+\tau)$ (17)
$p,$ $q$
$b_{i},\tilde{b}_{i}$ Ruth Table 3 Coefficients for
Table 3 5) Ruth’s method.
$P$ $q$ $v$ $i=1$ $i=2$ $i=3$
$f(q)$ $g(p)$ $b_{i}$ 7/24 3/4 $- 1/24$
$v$ $p$
$b_{i}$ 2/3 $- 2/3$ 1
Gaussian $f(x)$





Fig.8 Comparison of the wave forms at several time steps obtained by (a) the conventional
FDTD scheme (explicit second order finite difference and leap frog time integration) with
CFL number 0.9, (b) the fourth order compact finite difference and the leap frog time
integration with CFL number $=0.25$ , and (c) the optimized fourth order compact finite








$=af_{i}+ \frac{d}{2}(f_{i+3}+f_{i-3})+\frac{c}{2}(f_{i+2}+f_{i-2})+\frac{b}{2}(f_{i+1}+f_{i-1})$ , (19)
$h$ $k$ $w=hk$
$T(w)$
$T(w)= \frac{a+b\cos(w)+c\cos(2w)+d\cos(3w)}{1+2\mu\cos(w)+2\nu\cos(2w)}$ , (20)
$T(w)$ $w=0,$ $\pi$
4
$a= \frac{1}{4}(2+3\mu),$ $b= \frac{1}{16}(9+16\mu+10\nu),$ $c= \frac{1}{16}(-3+6\mu+26\nu),$ $d= \frac{1}{32}(1-2\mu+2\nu),(21)$
$\nu=(3-2\mu)/10$ 6 6
$\mu$ $T(w)$ Fig 8






0. $05m$ $401\cross 401$ 2
1000Hz Gaussian Wave Packet





$2500Hz$ Gaussian Fig 10
Fig.10 Temporal representation and frequency characteristics of sound source
185
$340rn/s$ $40mm$ $(3.4PPW$ $)$
$40\mu s$ $\alpha$
Fig.11
Sound $P$ ressure $D$ istr ibut ion $25WHz$, Dx$=0.04m$, DT $=0.04ms$
Fig.11. $I_{Ilb\{a1\iota tarlt^{1}(tlb}b$(’ $11I1C\{$ pressuie dist ril) $|1$ ( ion for $(\rangle=1/22,0$ . $L2.0.1\cdot l$ , $()$ . 175.
$(\iota$ 0.12













Fig.12 Band-limited impulse response funcitons by (a) an explicit central finite difference,
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